Five cases of intermittent Wolff-Parkinson-White (WPW) syndrome are described. Two cases showed a tendency to become normal during acceleration. In these cases, however, short PP intervals (in comparison to longer ones in their proximity) were followed by WPW complexes. In another case constant WPW syndrome appeared during acceleration. A fourth case presented with intermittent WPW complexes while the rate was constant. In a fifth case WPW was converted into normal during acceleration on one occasion, while on another occasion A V dissociation with WPW appeared.
Five cases of intermittent Wolff-Parkinson-White (WPW) syndrome are described. Two cases showed a tendency to become normal during acceleration. In these cases, however, short PP intervals (in comparison to longer ones in their proximity) were followed by WPW complexes. In another case constant WPW syndrome appeared during acceleration. A fourth case presented with intermittent WPW complexes while the rate was constant. In a fifth case WPW was converted into normal during acceleration on one occasion, while on another occasion A V dissociation with WPW appeared.
An explanation for these peculiarities is proposed. The accelerating factor may affect the idiofrequency of the three structures, i.e. sinus node, A V node, and the abnormal bundle, in the same direction but to a different degree. The pacing factor is the fastest of the three and conduction takes place through synchronization at a phase difference via the structure whose idiofrequency (as affected by the chronotropic factor) is closest to that of the pacemaker.
The pre-excitation or Wolff-Parkinson-White (WPW) syndrome is characterized by a special electrocardiographic pattern and paroxysmal tachycardia (Wolff, Parkinson, and White, 1930) . The peculiar response of its electrocardiogram pattern to chronotropic factors, like atropine, exercise, etc., might be considered as the third feature of the syndrome. An abnormality of the atrioventricular (AV) node or an accessory AV pathway, like the bundle of Kent or a similar structure, have been suggested to explain both the peculiarity of the cardiographic pattern, and the common occurrence of paroxysmal tachycardia. Neither theory, however, may explain in a satisfactory way the change in the electrocardiogram induced by the factors mentioned above.
In the present study 5 cases with intermittent WPW syndrome are described and the relation between heart rate changes and electrocardiographic pattern is examined.
Analysis of cases
In the following a P wave preceding a normally conducted QRS is designated as PN while a P wave preceding a WPW beat is designated as Pw.
The letter P is used whenever a P wave is considered independently of the QRS pattern following it.
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Case i A 24-year-old woman with short attacks of paroxysmal tachycardia showed typical WPW syndrome. Atropine (i-o mg) was given intramuscularly. Twenty-five minutes later a standard I2-lead electrocardiogram was recorded (Fig. i) .
The electrocardiogram showed an intermittent WPW. Three to i8 PP intervals were measured on each lead. The mean PP interval was o 98 sec all over the tracing. The variations between consecutive PP intervals ranged up to 0o07 sec. Along the whole tracing the incidence of WPW complexes tended to be roughly proportional to the mean PP interval (Fig. 2) . However, in each short period such as the few beats contained in the short tracing of one electrocardiogram lead, the shortest PP intervals tended to be the ones most often associated with the WPW pattern ( Fig. i and 2 During a period with WPW beats intravenous atropine (o-6 mg) was given, after which both types of electrocardiogram pattern were encountered.
The PP interval was measured for 130 consecutive beats (Fig. 3) The ixth beat is a ventricular ectopic one.
beats is also shown in the same figure. It can be seen that the overall incidence of WPW beats is roughly proportional to the PP interval lengths. However, the mean PPN interval is always longer than the mean PPw interval for each group of IO cardiac cycles.
On the other hand, whenever a PN beat was followed by a Pw beat, the PNPW interval was equal to or shorter than the previous PPN interval in I5 out of i6 instances; whenever a Pw beat was followed by a PN beat, the PWPN interval was equal to or shorter than the previous PPw interval in only 4 out of 17 instances. The difference is highly significant (P < o-ooi).
Case 3 The electrocardiogram of a 55-year-old man obtained on routine examination showed an intermittent WPW syndrome with ventricular ectopic beats (Fig. 4) . All ectopic beats originated from the same focus and did not interfere with the WPW syndrome.
The patient had an effort test and his electrocardiogram was recorded using a Radio-Electrocardiograph.' The PP intervals varied from i-io sec at rest to o056 sec at maximum exercise. All PP intervals longer than i-oo sec were followed by normal conduction. All PP intervals shorter than o-64 sec were followed by WPW pattern. At PP intervals between o-64 and I-oo sec both patterns were seen. Fig. 5 shows the incidence of WPW beats between these limits as a function of PP interval length and as a function of the ratio PP interval (n) over preceding PP interval (n-i). Thus, on the continuous line and to the left of it, which is the area of PP intervals preceded by longer PP intervals, there are significantly (P <o os) more PPw intervals (20/42) than on the right of the continuous line (7/30). On the dotted line and to the right of it (relative bradycardia), there are significantly (P <o os) less PP, intervals (5/25) than to the left of it (22/47).
While the patient was at rest and displayed normal conduction beats, atropine (i .o mg) was given intravenously. The heart rate increased from 62 to 89/min without any change in the electrocardiographic pattern. The same dose of atropine was then repeated and the heart rate increased further to ioo/min. A gradual slow down followed and at a rate of 93/min typical WPW beats appeared constantly. WPW syndrome that was converted to normal after intravenous atropine (Fig. 7b) . While he exhibited the WPW pattern, intravenous atropine (I o mg) accelerated the heart rate with a gradual shortening of the PR interval until the P wave was hidden in the QRS and the QRS pattern remained unchanged (Fig. 7c) . Discussion Permanent conversion of WPW by surgical cutting of a bundle in the wall of the right ventricle has added to the evidence for the accessory pathway theory of the pre-excitation syndrome (Cobb et al., I968) . The acceptance of an anatomical structure, however, does not fully elucidate the peculiar response of the syndrome to several factors.
In most cases of WPW syndrome atropine tends to restore normal conduction (Duthie, 1946; Ohnell, I944) . A similar response is found to other factors that increase heart rate, e.g. exercise (Averill, Fosmoe, and Lamb, I960) , amyl nitrite (Friedberg, I966), or inspiration (Lamb, I958) , while digitalis, with a known bradycardic effect, tends to encourage the abnormal conduction (Langendorf, Lev, and Pick, I952). Cases have been reported, however, in which exercise (Averill et al., I960) or inspiration (Lamb, I958) may enhance the abnormal conduction. Quinidine, finally, seems to depress the abnormal conduction (Langendorf et al., 1952) .
Promotion of the normal AV pathway by tachycardiac factors does not explain the return to normal of the pattern of the electrocardiogram produced by these factors, since the excitation of the abnormal pathway precedes that of the normal one, as indicated by the characteristically short PR interval of the former. On the other hand, some kind of inhibition of the abnormal pathway does not explain the exceptions to the rule observed by others (Averill et al., I960) as well as in some of the cases described here, unless the effect of these factors is diametrically opposite to the usual one on these patients.
An alternative explanation could be based on the hypothesis that the chronotropic factors affect the idiofrequency of all 3 structures (sinus node, AV node, and accessory connexion) towards the same direction but at a different degree. By idiofrequency is meant the frequency at which each structure would operate if the other two were blocked. The accessory pathway and the normal one compete with each other for the atrioventricular conduction of the sinus impulse, the conduction occurring through synchronization. Thus, the fastest of the 3 structures drives the heart, while the AV conduction (if the rhythm is sinus) occurs through that pathway with an idiofrequency closest to the one of the pacemaker, by synchronizing with it (van der Pol and van der Mark, I929; Grant, I956; Pick and Katz (i955) . In Cases i and 2 atropine brought the previously slow idiofrequency of the AV node close to that of the abnormal bundle so that conduction through both became possible. This effect explains the tendency to return to normal after the administration of atropine to these cases. Slight variations of the sinus rate owing to, presumably, intrinsic factors affecting the idiofrequency of the abnormal bundle in the same direction, could probably account for the peculiar findings observed in these cases; namely, while the overall tachycardia produced the expected tendency to normal, minor changes of the heart rate from beat to beat had the opposite effect, i.e. preexcitation appeared after the shorter PP intervals rather than the normal ones. As far as we know, this double effect of heart rate changes in the QRS pattern in the same patient has not been described.
The site for maximum effect of an agent might well be related to the anatomy of the structures involved. Thus, the anomalous fibres being part of a ventricle (Cobb et al., I968) tend to be best influenced by ventriculotropic agents, like quinidine, while the AV node is mainly under the influence of neural factors, like atropine or exercise.
This hypothesis is simple in accepting that the effect of the chronotropic factors on the three structures differs quantitatively only, and not qualitatively. It offers also an explanation for the fact that a single factor may have two apparently opposite effects on the same patient.
